Spermine was found t o inhibit the growth of various micro-organisms. The most susceptible were Staphylococcus aureus and Staph. albus, NeisseTia gonorrhoeae and N . meningitidis, and to a lesser degree Bacillus anthracis. The Enterobacteriaceae were relatively resistant. The action of spermine was enhanced by an increase in pH of the medium. The antibacterial effect was bactericidal ; it was slowed but not prevented by a decrease in temperature from 37 to 6'.
MATERIALS AND METHODS
Spermine tetrahydrochloride (Hoffmann La Roche) was used throughout the experiments. The micro-organism studied most extensively was Staphylococcus aureus no. 23, a haemolytic coagulase and mannitol positive strain. The other bacteria used are listed in Table 2 .
Antibacterial assays of spermine were made by (a) serial dilution and (b) the cup method. Serial dilutions of spermine were made in Wassermann tubes (13 x 100 mm.) containing 2 ml. of Difco nutrient broth. Controls without spermine were included in all experiments. The cup method was the same as previously reported (Rozansky et al. 1949) . Difco nutrient agar was used except when otherwise specified. RESULTS Injluence of pH value of the medium on the growth inhibition of Staph. aureus by spermine
The antibacterial activity of spermine rose gradually with the increase of the pH of the medium (see Fig. 1 ). Change in pH value from 6.2 to 8.75 decreased 12 R. Roxansky, U . Bachrach and N . Grossowicx the amount of spermine required to obtain complete inhibition of Staph.. aurew from lOOOpg./ml. to 2 pg./ml. The growth of the test organism in the control tubes, i.e. in the absence of spermine, was almost unaffected by these changes in pH value. 
Bactericidal eflect of spermine
In experiments with Staph. aureus 23, the size of inoculum did not affect appreciably the inhibitory activity of spermine. A 100-and 10,000-fold increase of the inoculum required a twofold and eightfold increase of spermine respectively.
These results suggested that the drug exerted a bactericidal effect. In order to test this, Staph. aureus was inoculated into flasks of Difco nutrient broth (pH 7.7) containing 25pg./ml. and 50pg./ml. of spermine and into control flasks without spermine. The flasks were incubated at 37" and at varying intervals of time (Table 1) samples were taken for the determination of viable counts. The pour-plate method was used, and plates were incubated for 48 hr. at 37". All counts were performed in triplicate.
At 37" (see Table 1 ) 25 pg. spermine/ml. for 3 hr. killed 70% of the staphylococci. Fifty pg. spermine/ml. were even more effective, killing more than 99% of the bacteria in 3 hr. After 10 hr. incubation all flasks containing 25 and 50 pg. spermine/ml. were sterile.
In order to determine whether spermine was effective against non-multiplying bacteria, broth samples containing varying concentrations of spermine were inoculated with Staph. aureus 23. The flasks were kept at 6 ' and the number of surviving bacteria was determined after 24, 72 and 96 hr. by the plate-count technique. Controls without spermine were run simultaneously. Table 2 shows that the organisms most sensitive to the inhibitory action of spermine were staphylococci, both aureus and albus types. In Difco nutrient agar at pH 7-3 and 7.5, 50 and 25 pg. of spermine, respectively, diluted in 0.1 ml. of saline were required to produce a clear zone of inhibition (not less than 12 mm. in diameter) by the cup technique. In Difco nutrient broth at the same pH values (i.e. 7.3 and 7-5) a concentration of 30 and 15,ug./ml. caused full inhibition.
Susceptibility of different micro-organisms to spermine
Neisseria gonorrhoeae and N . rneningitidis tested on glucose starch agar (Difco) and ascites agar were inhibited to a similar extent to that found with staphylococci.
Various Gram-negative rods of the family Enterobacteriaceae were only slightly affected by the drug. ShigeZZaJlexneri, however, was found to be quite sensitive at an alkaline pH. Haemolytic streptococci and Corynebacterium hofrnanni were tested for their sensitivity to spermine in nutrient broth enriched with brain heart infusion (4 parts Difco nutrient broth and 1 part Difco brain heart infusion broth) and were found to be inhibited by 250 pg./ spermine ml. (Table 2) .
COMMENT
The degree of inhibition of bacterial growth by spermine depended on several factors. One of these was the pH of the medium. In Fig. 1 an almost straight line was obtained when the inhibitory activity of spermine on Staph. aureus 23 was plotted against the pH of the medium. It seemed, therefore, that the undissociated molecule rather than the ionized form was responsible for the antibacterial properties. The influence of the pH was less marked with BuciZZus unthracis and Sh. JEexneri and still less evident with the more resistant enterobacteriaceae and Streptococcus faecalis ( Table 2) . Hirsch & Dubos (1952) found that the inhibition of growth of Mycobacteriurn tuberculosis, an organism highly susceptible to spermine, was independent of the pH value of the medium between 6-3 and 7.4.
The action of spermine was primarily bactericidal and was also evident against non-multiplying organisms. Hirsch & Dubos (1952) have demonstrated the bactericidal effect of spermine for Myco. tuberculosis.
The activity of spermine was influenced by the medium employed, Organisms grown in brain-heart infusion were much less affected than in nutrient broth ( Table 2) . The spermine antagonizing effect of Bacto stock agar has been described previously (Gurevitch et aZ. 1951) . It is possible that the relatively high resistance of haemolytic streptococci and C . hoflrnani which were tested in brain-heart infusion was due to the presence of spermine antagonists in these complex media. Nutrient broth or agar
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